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(54) Catheter with curved distal end. 

(57) A tubular angiographic catheter (10) has a 
proximal portion, a distal portion (14) and a 
central axis. The distal portion includes a cur- 
ved portion (18) and a free end portion (20) in 
whose end there is a first opening (22). The 
curved portion (18) defines a zone substantially 
encircling the central axis. The first opening 
(22) is situated substantially on the central axis 
and is directed in the axial direction towards the 
proximal end (12) of the catheter. A plurality of 
inwardly directed additional openings (24) is 
formed in the curved portion (18). 
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The present invention relates to a catheter, e.g. 
for use in angiographic procedures, and more particu- 
larly to such a catheter which is useable for delivery 
of contrast media at appropriate flow rates and press- 
ures. The invention is concerned with catheters of so 
called pigtail type having a proximal portion, a distal 
portion and a central axis, the distal portion having at 
least one opening formed therein and including a cur- 
ved portion, which defines a zone substantially 
encircling the central axis, and a free end portion. 

Angiographic catheters are provided in four basic 
shapes: straight, single curve, multiple curve, and pig- 
tail. Pigtail catheters permit an uneven distribution of 
rapidly injected contrast media while allowing end 
hole and side hole jetting. Uses for pigtail catheters 
include aortography, arteriography, and angiography. 
To introduce a pigtail catheter into a vessel a guide 
wire is used to straighten the catheter. The catheter 
is formed of a resilient material so that the catheter 
can resume its normal shape when the guide wire is 
removed. 

When a contrast medium is ejected from a cathe- 
ter at a high velocity, the stream of medium ejected 
may cause damage to the artery or vein being studied. 
Such damage occurs when the high velocity stream 
displaces plaque in the vessel or perforates the vessel 
wall. Additionally, damage can be caused to the ves- 
sel wall by contact with the catheter tip itself, and the 
catheter tip in turn may be damaged by such contact. 

During high pressure injection pigtail catheters 
can uncoil at the tip, turning the pigtail into a hook 
shape, which can send a jetting stream of contrast 
medium directly at the vessel wall. Also during high 
pressure injection the catheter tip may flap around 
allowing the uncoiled tip to impinge violently against 
the vessel wall, thereby causing trauma. 

When performing angiographic studies, it is pref- 
erable to use as little contrast medium as possible. 
This maximises patient safety while minimising the 
expense of the procedure. 

It is an object of the present invention to provide 
a catheter which is capable of delivering a contrast 
medium at high pressure into the vascular system 
while protecting the vascular system from injury. 

Another object of the present invention is the pro- 
vision of such a catheter which minimises the amount 
of contrast medium needed to perform a study. 

Yet a further object of the present invention is the 
provision of such a catheter whose tip is protected 
from inadvertent contact with a vessel wall. 

Yet a further object of the present invention is the 
provision of such a catheter whose openings are posi- 
tioned to prevent the exiting contrast medium jet from 
impinging against the artery wall, thereby reducing 
any chance of jet-induced trauma. 

According to the present invention a catheter of 
the type referred to above is characterised in that a 
first opening is formed in the free end portion and that 



the first opening is situated substantially on the cent- 
ral axis and is directed in the axial direction. Thus, in 
use, the curved portion centres the catheter within the 
blood vessel and causes the free end portion and, 

5 more particularly, the opening formed therein to be 
spaced from the wall of the blood vessel, that is to say 
the artery or vein. Due to the fact that the opening is 
directed substantially in the axial direction, a jet of 
contrast medium discharged from it cannot impinge 

10 directly against the blood vessel wall whereby the 
blood vessel is protected from damage and the risk of 
trauma is reduced. Significant movement of the tip of 
the catheter is prevented by the engagement of the 
curved portion with the blood vessel wall. 

15 In the preferred embodiment the free end portion 

includes a terminal portion which is substantially 
coaxial with the central axis and the first opening is 
formed in the free end of the terminal portion. The first 
opening is preferably directed towards the proximal 

20 portion. 

It is preferred that in addition to the first opening 
there is also a plurality of additional openings formed 
in the curved portion. These additional openings are 
preferably directed inwardly whereby the flow of con- 

25 trast medium through them will not impinge directly on 
the blood vessel wall. Furthermore, the flow of con- 
trast medium through the additional openings will 
impinge against the axial flow through the first open- 
ing whereby the latter flow is located and stabilised. 

30 For the latter purpose it is preferred that the first open- 
ing is situated at a distance from the proximal end of 
the catheter which is between that of the additional 
openings which are nearest and closest, respectively, 
to the proximal end of the catheter. 

35 Whilst the curved portion of the catheter is nor- 

mally curved, it is of course desirable that it may be 
temporarily straightened to facilitate its insertion into 
a blood vessel and it is preferred that at least the cur- 
ved portion and preferably the entire catheter is made 

40 of resilient material, e.g. nylon, whereby after the cur- 
ved portion has been temporarily straightened itreas- 
sumes its normal curved configuration due to its 
resilience. 

Further features and details of the invention will 
45 be apparent from the following description of one 
specific embodiment which is given by way of 
example with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is a side view of a self-centering 
so angiographic catheter in accordance with the pre- 

sent invention, with the middle segment of the 
catheter omitted; 

Figure 2 is an enlarged view of the distal portion 
of the catheter shown in Figure 1; and 
55 Figure 3 is an end view of the distal portion of the 

catheter shown in Figure 1. 
Referring now to the drawings, the catheter 10 
has a proximal end 12, a distal end 16 and a central 
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axis. 

The catheter 1 0 includes a distal segment 14 hav- 
ing a normally curved portion 18 and an end portion 
20, in whose free end a first end opening 22 is formed. 

The curved portion 18 is generally helical and 5 
defines a zone which substantially encircles the cent- 
ral axis of the catheter. The catheter terminates in the 
end portion 20 which extends from the curved portion 
1 8 to a position substantially on the axis of the cathe- 
ter where it is directed axially towards the proximal 10 
end 12. More specifically, the end portion 20 includes 
a portion which extends from the curved portion 18 
generally to the axis of the catheter and a terminal por- 
tion which extends generally along the axis and has 
the opening 22 in its end which is directed along the 15 
axis. In use, the curved portion 1 8 centres the catheter 
10 in the lumen of the vessel being studied and, more 
specifically, the curved portion 1 8 centres the end por- 
tion 20 and first opening 22 such that inadvertent con- 
tact between the vessel wall and the end portion 20 20 
is avoided. This prevents damage to either the cathe- 
ter end portion 20 or to the vessel wall. Because the 
tip is pointing axially the contrast medium bolus is 
much tighter, hence less contrast medium will be 
used. 25 

In the illustrated preferred embodiment, the cur- 
ved portion 18 is formed with a plurality of additional 
openings 24 therein which are all positioned such that 
they face inwardly. This positioning of the additional 
openings 24, in conjunction with the centering of the 30 
first opening 22, directs the stream of contrast 
medium towards the centre of the vessel where the 
blood absorbs its energy before the high velocity 
stream reaches the vessel wall. This reduces the 
chance of contrast extravasation or embolism due to 35 
displaced plaque. 

In order to introduce the catheter into a vessel it 
is necessary to straighten the normally curved portion 
18. After introduction, the normally curved portion 
must be capable of reassuming its curved configu- 40 
ration. Thus the catheter is formed of a material, such 
as nylon, with sufficient resiliency to permit this to 
occur. 

In the preferred embodiment, when the catheter 
is in its coiled configuration the first opening 22, and 45 
the additional openings 24, are positioned within 
about one centimetre of each other. This produces a 
tight bolus of contrast medium and reduces the 
amount of contrast medium needed in order to do a 
study. In the preferred embodiment there are ten 50 
additional openings 24. These may be holes, slits or 
any other appropriate openings. 



tion and a central axis, the distal portion having at 
least one opening formed therein and including a 
curved portion, which defines a zone substan- 
tially encircling the central axis, and a free end 
portion, characterised in that a first opening (22) 
is formed in the free end portion (20) and that the 
first opening (22) is situated substantially on the 
central axis and is directed in the axial direction. 

2. A catheter as claimed in claim 1 characterised in 
that the free end portion (20) includes a terminal 
portion which is substantially coaxial with the 
central axis and that the first opening (22) is for- 
med in the free end of the terminal portion. 

3. A catheter as claimed in claim 1 characterised in 
that the first opening (22) is directed towards the 
proximal portion (10). 

4. A catheter as claimed in any one of the preceding 
claims characterised in that a plurality of 
additional openings (24) is formed in the curved 
portion (18). 

5. A catheter as claimed in claim 4 characterised in 
that the additional openings (24) are directed 
inwardly. 

6. A catheter as claimed in any one of the preceding 
claims characterised in that at least the curved 
portion (18) is formed of resilient material, e.g. 
nylon, whereby it my be temporarily straightened 
and thereafter reassumes its normal curved con- 
figuration due to its resilience. 

7. A catheter as claimed in any one of the preceding 
claims characterised in that the distance between 
the openings (22,24) does not exceed about one 
centimetre when the curved portion (18) is in its 
normal curved configuration. 



Claims 55 

1. A tubular catheter for use in a blood vessel, the 
catheter having a proximal portion, a distal por- 
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